In a recent study! the positions of the p-bands (according to the Clarclassification 2 ) of twenty benzenoid hydrocarbons have been calculated using the method of limited configuration interaction in the n-electron approximation. The LCAO molecular orbitals in the Huckel approximation were used for the construction of the wave functions describing individual configurations. The positions of the IX-and ,B-bands of the same group of compounds are estimated by the same method 1 in the work presented.
Method of Calculation
The method of calculation and the approximations employed are those used in the precedibg paperl (compare refs 3 -6) . The distances between neighboring carbon atoms are taken equal to 1·39 A which, of course, is a rather crude approximation in some cases. The resonance integral between neighboring atomic orbitals is taken equal to -2·318 eV (see!) and the electronic repulsion integrals of the Coulomb type are approximated according to Mataga and Nishimoto
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where r IlV is the distance between the fi-th and o-th carbon atom. Otherwise, the approximations introduced by Pariser and Parr 3 ,4 and Pople 5 ,6 are used. The off-diagonal elements of the effective one-electron Hamiltonian F in the Huckel molecular orbital representation were neglected. We considered the monoexcited configurations to which the Huckel excitation energy lower than 1 IPI corresponds.
The extent of the configuration interaction was investigated. Therefore, the excitation energies e~(k = ex, /3) which follow from the interaction of the configurations 11, 1 ~ 2') and 11, 2 --+ 1') of the same energy were also calculated (compare refs 6 -S ) .
Here and hereforewith we use the designation, in which II, i --+ r) denotes the singlet monoexcited configuration formed by the substitution of the ith bonding molecular orbital with the jth virtual orbital in the monodeterminantal ground state wave function. The orbitals are arranged according to the increasing absolute values of the diagonal matrix elements F jj • The bonding orbitals are denoted by 1, 2 ... N/2 and the virtual orbitals by 1', 2' ... N' /2, where N is the number of carbon atoms of the hydrocarbon.
In the cases of naphthacene, pentacene, and dibenzo[b,deJJchrysene both the ransitions formed by the interaction of 11, 1 ~ 2') and 11,2--+ 1') are, however, torbidden. These monoexcited configurations belong to the irreducible representafion BIg in naphthacene and pentacene (D Zh ) and to the irreducible representation Ag tn dibenzo[b,deJJchrysene. (C lh ) and benzo[e]pyrene (CzJ. The configuration interaction for coronene (D6h) was extended so that it included the configurations formed by excitations from the nine highest bonding molecular orbitals to the nine lowest virtual orbitals. The consideration of the configurations with the Huckel excitation energy up to 1 IPI for benzene and naphthalene includes all monoexcited configurations. As the off-diagonal elements of the Hamiltonian in the repreVol. 28 (1963) sentation of the mono excited configurations are small for the singlet states in comparison to the diagonal elements the perturbation method may be used for the calculation of the excitation energies of the monoexcited states following from configuration interaction.
~.
If we define the longest-wavelength permitted transition as the p-band and the second longest-wavelength permitted transition as the p-band we obtain for various symmetry the assignment of the corresponding monoexcited states to the irreducible representations as given in Table I . The applicability of the perturbation method enables a restriction of the calculation of the matrix elements of the Hamiltonian in the mono excited state representation only to the elements H k1 , where k denotes the configuration for which the diagonal element Kkk is the smallest between all configurations which we must consider for the transition given. Further, it is necessary to compute all diagonal elements. 
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Collection Czechoslov. Chern. Comrnun. Tables II and III and Figs 1 chrysene according to definition previously given shows worse agreement with the experiment than the for,bidden second longest-wavelength transition Ag_ It cannot be ruled out that the maximum experimentally found assigned to the f3-band may be formed by superposition of the band corresponding to the Ag transition on the band due to the permitted Bu transition of somewhat shorter wavelength_ Therefore we take Table II . Full straight line e P = c~xp; the regression line is dashed. Table III . Full straight line e~xp = 8<1., the regression line is dashed.
Results and Discussion

Comparison of the Results of Calculation with Experimental Data
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Collection CLechoslov. Chern. Oommun. sitions belonging to the irreducible representations from Table I which occur in the near ultraviolet region. Only the interaction of the configurations of the same excitation energy was considered in the calculatio n of these. additional transitions. Otherwise stated, the positions of the correspon ding maxima belonging to these transitions are estimated from the values of the diagonal elements of the Hamiltonian for the following functions
and
The correlation and regression coefficients of the dependences of the experimental excitation energy on the theoretical estimates e~, e; and ek(k = ~,P) a~e given in Table IV . P~ is the excitation energy according to Hiickel (using the value p = = -2·318 eV), e k is the excitation energy calculated by configuration interaction up to 1 IPI.
The agreement of the p-band is satisfactory since the standard deviation of the theoretical and experimental excitation energies is only little larger than 0·1 e V (0'125eV for the set without pentacene, 0·140eV for the whole set studied). The agreement for pentacene is similarly as in the case of the p-band considerably less Collection Czechoslov. Cpem. Commun.
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precise than that found for other compounds and again it is evident that linear annelation produces anomalous effects which phenomenon should further be studied. The agreement of theoretical and experimental values is far less satisfactory for the a-band (the standard deviation is 0·249 for the set without pentacene and 0·246 for the whole set studied). Clar 2 has found that the ratio of the wavelengths of the a-band and p-band J..~/J..fJ is approximately constant and equal to 1·3 (compare ref. 9 ) . Table III also demonstrates that the corresponding theoretical values of this ratio are also found to have approximately this walue even though they are lower than the values experimentally observed for the majority of larger hydrocarbons. However, it is interesting that the larger theoretical values in the ratio J..~/J..fJ for benzene and naphthalene (higher than 1·4) agree well with the experimental values. The excessive decrease of the theoretical ratio J..~/J..fJ for larger hydrocarbons is evidently related to the too small values of J..~ predicted on the basis of the calculations carried out in this study. Table IV ; b the primed quantities refer to the set of hydrocarbons without pentacene. Vol. 28 (1963) The deviations of the a-band are .not caused by insufficient extent of the configuration interaction. 
where Eo is the ground state energy, are independent on the values of Y llll , and therefore the position of the a-band is not dependent on the values of Yill'" Calculation 0/ the Positions 0/ the ex-and fj-Bands that the expressions thus obtained for the positions of various absorption bands have only the character of interpolation formulas dependent on the theory employed. For this reason it is economical to use as a basis the simple empirical formulas and to vary the semiempirical parameters in order to obtain the best agreement with experiment. The usefulness of these expressions may only be confirmed when used for the collection of compounds which is satisfactorily representative. We assume our set of twenty hydrocarbons to be considered as representative .
. We employed the following interpolation formulas for alternating benzenoid hydrocarbons (4) where /3\ ')I~1' /(k are the semiempirical parameters and e~ the excitation energy according to Hi.ickel in /3 units. F~ is the expression appearing in e~ at ')I~ 1
where ck,/L is the coefficient for the Ilth atomic orbital in the kth molecular orbital. G k denotes the part of e~ dependent on ')Illv (Jl =l = v). For these quantities we find
and ')I llv are defined by equation (1) . n P = 1, n~ is the number of the molecular orbital whose . element (1; 1, n~; + IH-Eoll ; 1, n~; + > has the smallest absolute value (n~ =1= 1) and the corresponding transition is permitted. Compound 19 is an exception in our assignment as we take 11~ = 2 although the corresponding transition is forbidden. Analogously 11~ is the number of the molecular orbital whose element <1; 1, no' ; -IH -Eo11; 1, n a ; -> is the smallest and the corresponding transition .is forbidden. The expressions for Fk and G\ given in equations (5) and (6) , are valid only for those compounds whose highest and second highest filled orbitals in the ground state are non degenerate due to symmetry. For these compounds (in our case for benzene and coronene) it is necessary to consider the configuration interaction to such extent to include configurations formed by transitions of electrons between these orbitals and the corresponding Vol. 28 (1963) virtual orbitals. The parameter (x: k ) -1 may be interpreted as a "dielectric constant" (compare the study performed by Julg Pentacene again shows an exceptional behaviour. Comparison with the Huckel Method Fig. 5 shows that the correlation of the positions of the ct-and f3-bands experimentally observed with the corresponding Huckel excitation energies eH is no doubt less precise than thatfound for the p-band but it is quite good even in this case (compare Table IV ). It is characteristic that the regression line for the ct-band in Fig. 5 lies below the regression line for the f3-band and has a considerably smaller slope (0'753 in contrast to 1'286). Fig. 6 , where the theoretical values e k (k = ct, 13) are plotted against e~ (k = ct, 13) , shows a considerable resemblance to Fig. 5 .
1478
Collection Czechoslov. Chem. Commun. is the excitation energy calculated for the ith compound and kth band according to equation (4), E~xp is the corresponding experimental value, N is the number of compounds. The primed quantity refers to the hydrocarbon set without pentacene. For the p-band it was found that the part of the expression for the excitation energy which is dependent on the electronic repulsion integrals Table II. is approximately constant. The analogous quantities for the ct.-and p-bands change markedly so that r IX is small for those hydrocarbons for which r P is large and inversely (compare Fig. 7 ). From Fig. 7 it is also evident that rk correlate with the "experimental quantity"
On the whole it is evident that the theory considering the interaction of the electrons describes a number of characteristic properties of the p-, P-and ct.-bands which cannot be accounted for by the simple MO LeAO method:
1. We have already mentioned that the part of the excitation energy dependent on the electronic repulsion integrals r P is approximately constant. Therefore the resonance integral P obtained in the Huckel method and that in the method presented show nearly equal values. The mean value of r p is 1·39 eV so that the additive shift produced by the terms dependent on electronic repulsion is considerable. Thus it seems that the additive constant Dk in the relations (10) for k = p is related to electronic repulsion (DP = 1-32 eV).
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